Individual differences in children's math performance have been associated with math anxiety, attention problems, working memory (WM), and reading skills, but the mechanisms by which these factors jointly contribute to children's math achievement are unknown. Here, we use structural equation modeling to characterize the relation between these factors and their influence on non-verbal Numerical Operations (NO) and verbal Math Reasoning (MR) in 330 children (M = 8.34 years). Our findings indicate that WM plays a central role in both non-verbal NO and verbal MR, whereas math anxiety and reading comprehension have unique and more pronounced influences on MR, compared to NO. Our study elucidates how affective and cognitive factors distinctly influence non-verbal and verbal mathematical problem solving.
Introduction
An extensive body of research has investigated the roles of cognitive factors such as working memory, attention, and processing speed, in mathematics achievement. In contrast, studies examining the role of affective factors, such as math anxiety, are relatively few, and the mechanisms by which affective and cognitive factors collectively influence different components of mathematical reasoning are poorly understood. In particular, it has been suggested that the impact of affective factors such as math anxiety on early math learning and achievement are also related to numerous cognitive factors such as attention and working memory (WM; Fuchs, Geary, Fuchs, Compton, & Hamlett, 2015) . However, previous studies have predominantly examined the effect of each variable in isolation, and mainly in relation to fluency with numerical operations that place little demand on verbally-based math problem solving. Little is known about how these affective and cognitive factors differentially contribute to individual differences in competence in basic non-verbal and verbal math problem solving skills, the latter of which place a greater load on working memory and attention (Bailey, Watts, Littlefield, & Geary, 2014) . This question has added significance in light of the introduction of the Common Core curriculum, which places a greater emphasis on applying mathematical knowledge in real world applications. The cognitive and affective demands for these kinds of applications are likely to be different from those invoked in basic numerical fluency and procedural skills.
The overarching goal of the current study was to investigate the distinct, but interrelated, roles of affective and cognitive factors on two components of mathematical problem solving: basic nonverbal computational skills and verbal problem solving. Our specific aims were to investigate the differential roles of (1) math anxiety and WM, (2) attention and WM, and (3) reading achievement and WM in relation to computational skills and word-based problem solving using theoretically-informed structural equation modeling. Here, we first review relevant literature then highlight the open questions in each case. We then describe our use of statistical models to uncover the interrelations among these factors and their impacts on participants' performance on two standardized measures of mathematical achievement: Wechsler Individual Achievehttp://dx.doi.org/10.1016/j.cognition.2017.05.016 0010-0277/Ó 2017 Elsevier B.V. All rights reserved.
